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INTRODUCTION 
1 . INTRODUCTION 
Many streams a r e subjected to a p e r s i s t e n t form of 
p o l l u t i o n brought about by drainage from the remains of 
mining a c t i v i t i e s - lieavy metal p o l l u t i o n . Those a r e a s a r e 
l i k e l y to have s m a l l but s i g n i f i c a n t amounts of theses 
elements present that may cause severe d e t e r i o r a t i o n of the 
water q u a l i t y and p o s s i b l e poison contamination throughout 
the food c h a i n . The b i o l o g i c a l e f f e c t s of an i n c r e a s i n g 
amount of those metals i n a q u a t i c systems has been i n recent 
y e a r s the concern of a l a r g e number of e n v i r o n m e n t a l i s t s . 
Zinc and cadmium a r e two such heavy metals d i s c u s s e d i n t h i s 
d i s s e r t a t i o n . 
Z i n c has been shown to be an almost u n i v e r s a l c o n s t i t u e n t 
of l i v i n g matter and i s recognized to be an e s s e n t i a l element 
f o r the growth and development of micro-organisms, (Myers 1 9 5 1 $ 
p l a n t s (Anion 1 9 5 8 ) and animals (Underwood 1 9 5 6). C o n t r a s t i n g l y , 
there i s no evidence that cadmium i s b i o l o g i c a l l y e s s e n t i a l o r 
b e n e f i c i a l as the l i t e r a t u r e only i m p l i c a t e s the v a r i o u s 
d e l e t e r i o u s e f f e c t s on a l l l i v i n g organisms i n c l u d i n g man 
(McKee and V o l f 1 9 6 3 ; B a l l 1 9 6 7 ; Shuster and P r i n g l e 1 9 6 9 ) . 
There i s considerable information a v a i l a b l e to show that 
a q u a t i c organisms accumulate high l e v e l s of heavy metals and 
t h i s accumulation i s dependent to a l a r g e degree on e n v i r o n -
mental f a c t o r s * L i t e r a t u r e p e r t a i n i n g to thla s u b j e c t i s 
reviewed i n S e c t i o n 1 . 2 . 
The purpose of t h i s study was to look a t the e f f e c t of 
one such parameter* pli on the accumulation r a t e s of z i n c and 
cadmium f o r the organisms of two d i f f e r e n t streams. An 
a c i d i c and an a l k a l i n e stream of past mining h i s t o r y was 
chosen f o r t h i s i n v e s t i g a t i o n . A l s o , s i n c e the a l k a l i n e 
stream had a n a t u r a l c o n c e n t r a t i o n gradient of z i n c and 
cadmium ( s e c t i o n 3.1,*0 » a t t e n t i o n was focused on the accumu-
l a t i o n r a t e s of tile s p e c i e s concerned along the g r a d i e n t . 
Fo r convenience i, the r e s u l t s and d i s c u s s i o n have been 
separated i n t o d i f f e r e n t s u b - s e c t i o n s . 
Sy way of i n t r o d u c t i o n i t would be u s e f u l to f i r s t look 
a t z i n c and cadmium i n the stream environment. 
1 .1 Zinc and Cadmium i n the Stream Environment 
Z i n c and cadmium occur i n a l l three phases of a stream 
environment - water, sediment and b i o t a . The chemical and 
p h y s i c a l c o n d i t i o n s of the water h e l p determine the metal's 
s t a t e and i t s a v a i l a b i l i t y to the sediment and organisms. 
P h y s i c a l - chemical s o r p t i o n phenomena a l l o w the sediments to 
concentrate high, l e v e l s o f these elements. The r a t e of 
exchange of metals from the sediment to the water column may 
a l s o c o n t r o l the amount of heavy metal a v a i l a b l e to the b i o t a . 
Three mechanisms have been suggested by which a q u a t i c 
organisms can accumulate heavy metals: absorption through 
membranes, accumulation of p a r t i c u l a t e matter, and adsorption 
through c e l l - t r a i l i n t e r f a c e s (Dulce e t a l . 1 < ) 6 6 ) . 
1 . 2 Dioaccumulation - Dependence o:a the Environment 
Bioacc urn i l l a t i o n of z i n c and cadmium have been reported 
by a number of i n v e s t i g a t o r s both u s i n g d i r e c t techniques 
( D i e t z 1 9 7 2 ; Leeder 1 9 7 2 ; Hutchinson and Cuyrska 1 9 7 2 ) and 
r a d i o a c t i v e t r a c e r s (Davis and F o s t e r 1 9 5 8 ; Osterberg 1 9 6 4 ; 
Polikarpov 1 9 6 6 ) . The c a p a c i t y of an organism to accumulate 
elements i s u s u a l l y expressed by the enrichment ( c o n c e n t r a t i o n ) 
r a t i o which i s the co n c e n t r a t i o n of heavy metal i n the 
organism and i n the aqueous s o l u t i o n : 
K = C 
\fhere C and C a r e r e s p e c t i v e l y the co n c e n t r a t i o n of heavy 
metal i n the aq u a t i c organism and i n the aqueous medium 
(P o l i k a r k o v 1 9 6 6 ) . 
A stream organism may accumulate heavy motels to a 
point where i t becomes d e l e t e r i o u s or t o x i c to the i n d i v i d u a l 
s p e c i e s . T h i s bioaccumulation of these elements depends not 
only on the con c e n t r a t i o n i n s o l u t i o n but i s a l s o i n f l u e n c e d 
by such environmental f a c t o r s such as temperature, l i g h t , 
d i s s o l v e d oxygen and pH. I t can a l s o be modified by s a l t s of 
the a l k a l i n e e a r t h s and of the heavy metals (Skidmore 1 9 6 4 ) . 
A great d e a l of the l i t e r a t u r e p e r t a i n i n g to these 
v a r i a b l e s and accumulation concerns t o x i c i t y e f f e c t s and a r e 
d i s c u s s e d below. 
(a) Tempera ture 
I t i s evident t h a t temperature a f f e c t s the uptake of 
heavy metals from the aqueous medium through i t s e f f e c t s on 
b i o l o g i c a l p r o c e s s e s . Lloyd ( 1 9 6 0 ) r e p o r t s that a r i s e i n 
temperature from 12 ° to 22°C reduced the s u r v i v a l r a t e of 
rainbow trout (Salmo g a i r n e r i i ) by a f a c t o r of 2 . 5 i n media 
c o n t a i n i n g r e l a t i v e l y high z i n c c o n c e n t r a t i o n s . Accordingly, 
E i s l e r (1970 and Gardner and Yevich ( 1 9 6 9 ) both showed that 
mummichogs (Fundulus h e t e r o c l i t u s ) wore more s e n s e t i v e to Cd 
at higher temperatures than a t lower ones. 
Temperature has even a more pronounced e f f e c t on the 
concentration of heavy metals i n n a t u r a l c o n d i t i o n s . During 
tbe winter months, the v e r t e b r a t e and i n v e r t e b r a t e fauna of 
the Columbia R i v e r consumed l i t t l e food m a t e r i a l and conse-
quently contained lower l e v e l s of r a d i o a c t i v e elements as 
compared to the warmer months (Davis and F o s t e r 1 9 5 8 ) . 
However 9 Lloyd and Herbert ( 1 9 6 2 ) suggest that the 
e f f e c t of temperature on the threshold concentration of a 
heavy metal w i l l u s u a l l y be s m a l l as compared with the e f f e c t s 
the other environmental f a c t o r s can have. 
(b) L i g h t 
L i g h t has a great i n f l u e n c e on the concentration of many 
elements by most p l a n t s . Bachman and Odum ( 1 9 6 0 ) reported that 
Zn p i s taken up by s i x benthic a l g a l s p e c i e s p r o p o r t i o n a l to 
the phot©synthetic and growth r a t e s . Gutknecht ( 1 9 6 1 , 1 9 6 3 ) 
found s i m i l a r r e s u l t s a l s o i n v e s t i g a t i n g marine benthic a l g a e . 
The element z i n c i s so I n t i m a t e l y r e l a t e d to photosynthesis 
t h a t the present radiocarbon method of a s s e s s i n g primary 
production i s being augmented by development of a new technique 
u s i n g r a d i o a c t i v e z i n c (Bachman and Odum 196OJ P o l i k a r k o v 
1 9 6 6 ) , P o l i k a r k o v ( 1 9 6 6 ) s t u d i e d other t r a c e elements (Co, 
S t , Cs, Ce) and observed higher enrichment r a t i o s i n Ulva 
i n the presence of l i g h t than without i t . To the best of the 
author's knowledge no information concerning accumulation of 
cadmium under v a r i o u s l i g h t conditions has been shown. I t i s 
suggested that s i n c e cadmium i s not e s s e n t i a l or b e n e f i c i a l 
l i g h t would not be an important f a c t o r . 
( c ) D i s s o l v e d Oxygeji 
The d i s s o l v e d oxygen content of a r i v e r can f l u c t u a t e 
a p p r e c i a b l y due to time of day. r a t e of flow, amount of 
o x i d i z a b l e m a t e r i a l e n t e r i n g i t and other f a c t o r s . I t should 
be emphasized that the l e v e l s of d i s s o l v e d oxygen present i n 
5 . 
the water need not be low i n order to become an Important 
v a r i a b l e when heavy metals a r e p r e s e n t . Lloyd ( 1 9 6 0 ) exposed 
rainbow t r o u t (Salmo g a r d n e r i i ) to v a r i o u s concentrations of 
z i n c sulphate i n media c o n t a i n i n g d i f f e r e n t concentrations of 
d i s s o l v e d oxygen. Me found that h a l f the f i s h population was 
reduced by a z i n c l e v e l t h a t was f o u r times g r e a t e r a t an 
oxygen concentration of B . 9 p p m . than i t was a t 3 . 8 p p i a . 
S i m i l a r l y , W e s t f a l l ( 1 9 ^ 5 ) working on g o l d f i s h {Co^nmus aura / f u s ) 
found l e a d more t o x i c i n water a t low oxygen l e v e l s . 
L loyd and Herbert ( 1 9 6 2 ) o f f e r an hypothesis to account 
f o r the i n c r e a s e d accumulation and t o x i c i t y . They suggest that 
t r o u t i n c r e a s e the r a t e of flow over t h e i r f r i l l s as the 
oxygen content of the water i s reduced. Since the g i l l i s one 
of the main s i t e s f o r the s o r p t i o n of heavy metals, the 
in c r e a s e d flow of water over them allows more poison to become 
i n contact with the f i s h i n a given time. 
pH 
Heavy metal ions can r e a c t with water i n the f o l l o w i n g 
manner (Bachman 1 9 6 3 ) : 
X 2 + + H 2 0 = XOH + H + = X ( 0 H ) 2 +H+ 
X = Zn or Cd 
As the pH of the medium i s s h i f t e d towards the a c i d i c s i d e an 
i n c r e a s i n g amount of the m e t a l l i c i o n i s In s o l u t i o n whereas as 
the pK r i s e s towards n e u t r a l i t y p r e c i p i t a t i o n of the metal 
o c c u r s . Smith ( 1 9 7 3 ) r e p o r t s that a pH of 1 .5 or l e s s was 
ne c e s s a r y to ensure that a l l of the z i n c remained i n s o l u t i o n . 
Furthermore, Alloway ( 1 9 6 9 ) s t a t e s that i n c r e a s i n g the pH 
allo w s heavy metals to be more r e a d i l y s o r t e d on s o i l p a r t i c l e s 
and a l s o form complexes with organic matter. 
Very l i t t l e r e s e a r c h has been performed concerning the 
e f f e c t of pH on uptake and accumulation. Since a c i d environ-
ments f a v o r most of the heavy metals to be i n s o l u t i o n , low 
enrichment r a t i o s would be expected due to poor accumulation 
r a t e s v i a s o r p t i o n phenomena. 
( e ) E f f e c t s of S a l t s of,the A l k a l i n e E a r t h Metals 
As e a r l y a s 1 8 9 7 , Ringer discovered that t o x i c i t y of some 
metal c a t i o n s to a q u a t i c organisms i s reduced i n the presence 
of other metal c a t i o n s , notably calcium. T h i s b a s i c phenomenon] 
i s known as antagonism. 
Lloyd ( 1 9 6 0 ) r e p o r t s t h a t hardness i s the most important 
s i n g l e f a c t o r governing the t o x i c i t y of z i n c ions to rainbow 
tr o u t (Salmo g a r d n e r i i ) . Ke noted a t e n - f o l d d i f f e r e n c e 
between the t o x i c i t i e s of z i n c i n the hardest and s o f t e s t 
water over a two and a h a l f day exposure. S i m i l a r l y , Jone3 
( 1 9 3 8 ) observed that s t i c k l e b a c k s (Gaatcrosteus a c u l e a t u s ) 
had a higher s u r v i v a l r a t e i n waters c o n t a i n i n g more calcium* 
More r e c e n t l y , Bryan ( 1 9 6 7 , 1 9 6 9 ) showed t h a t the absorption 
of s i n e i s reduced i n the presence of calcium i n the f r e s h -
water crab (Austropotamobius p a l l i p a e ) and by manganese i n 
the brown seaweed (Laminaria d i g i t a t a ) . 
Two t h e o r i e s have been put f o r t h to e x p l a i n the mechanism 
of antagonism by the a l k a l i n e e a r t h metals. According to the 
p e r m e a b i l i t y theory (Jones 1 9 3 9 ) • the a l k a l a i - e a r t h s antagonize 
heavy metal compounds by reducing the p e r m e a b i l i t y of the c e l l 
membranes, thus d e c r e a s i n g the p e n e t r a b i l i t y of the metal i n t o 
the t i s s u e s . 
The second theory concerns the i n h i b i t i o n of coagulation 
between the heavy metals and protoplasm by calcium ions s i n c e 
i t i s b e l i e v e d t h a t t o x i c i t y of most metal ions i s due to t h i s 
c o a g u l a t i o n i n s i d e the c e l l (Heilbrunn 1 9 3 7 ) - These mechanisms 
a r e poorly understood and f u r t h e r r e s e a r c h i s needed to 
eval u a t e them. 
( f ) E f f e c t s of Heavy Metal S a l t s 
I f an a q u a t i c organism i s exposed to two d i f f e r e n t 
poisons, the e f f e c t may be a d d i t i v e , s y n e r g i n i s t i c , or 
a n t a g o n i s t i c . Brandt ( 1 9 ^ 9 ) . a f t e r exposing t r o u t (Salmo 
g a i r n e r i i ) to sulphates of d i f f e r e n t metals found z i n c and 
cadmium to be a d d i t i v e whereas z i n c and copper was s t r o n g l y 
s y n e r g i s t i c . C o n t r a s t i n g l y . Hutchinson and Czynska ( 1 9 7 2 ) 
report that z i n c and cadmium acted s y n e r g i s t i c a l l y 
together with two a q u a t i c p l a n t s they i n v e s t i g a t e d . 
Obviously, more evidence i s needed on t h i s t o p i c . S t i l l , 
C omer and Sparrow ( 1 9 5 6 ) have o f f e r e d a p o s s i b l e explanation 
to e x p l a i n synergism. They suggest t h a t uptake and accumu-
l a t i o n i s i n c r e a s e d due to one metal i n c r e a s e s the p e r m e a b i l i t y 
of the body s u r f a c e f o r the other metal. 
MATERIALS AND METHOD 
8 . 
2 . MATERIALS AMD METHODS 
2 . 1 Water A n a l y s i s 
Monthly v a t e r a n a l y z e s were taken from each s i t e f o r the 
determination of sodium, potassium, magnesium, calcium, z i n c 
and cadmium. Samples were f i l t e r e d i n the f i e l d with, a S i n t a 
g l a s s f u n n e l (Grade 2 ) i n t o 1 0 0 m l p r o - a c i d trashed b o t t l e s . 
Only one sample was taken from each l o c a t i o n s i n c e previous 
workers have shown no s i g n i f i c a n t d e v i a t i o n between samples 
(Robinson 1 9 7 0 , Leeder 1 9 7 2 ) . The f i l t r a t e (X ( a q ) . ) was then 
taken d i r e c t l y to toe atomic absorption spectrophotometer 
(Perkins-Elmer Model 4 0 3 ) f o r metal a n a l y s i s . I n some element 
determinations, p r e p a r a t i o n of the water sample was needed: 
(a ) Potassium 
A 0 . 1 5 m l s o l u t i o n of 1 5 , 0 0 0 mg /1 Na was added to 5 ml 
of the water sample. Blanks and standards were prepared i n 
the same way. 
(b) Magnesium and Calcium 
A k ml a l i q u o t o f the water sample was p i p e t t e d i n t o a 
tube and 6 drops of lanthanum c h l o r i d e was added. The tubes 
were then assayed f o r magnesium and calcium. Blanks and 
standards a l s o had the above a d d i t i o n s . 
( c ) Sodium. Z i n c and Cadmium 
No a d d i t i o n a l p r e p a r a t i o n of the sample was needed f o r 
these elements. 
Temperature and pH wore a l s o recorded monthly I n the 
f i e l d w i t h a thermometer and portable pH me iter. 
2 . 2 C o l l e c t i o n and P r e p a r a t i o n o f B i o t i c M a t e r i a l 
B i o l o g i c a l m a t e r i a l was c o l l e c t e d randomly a t a l l 
s t a t i o n s . I n v e r t e b r a t e sampling presented the most problem 
9 . 
i n c o l l e c t i o n , e s p e c i a l l y the chironomid Tendipes ap. , which 
had to be separated from the mats of Drepanocladus f l u i t a n s 
from v h i c h i t was a t t a c h e d . C o l l e c t i o n o f the ephemeropteran, 
Ephemerella sp. vas a l s o tedious s i n c e i t vas d i f f i c u l t to 
f i n d enough m a t e r i a l f o r a n a l y s i s . 
A survey of the fauna and f l o r a of both s i t e s i s out-
l i n e d i n T a b l e s ICC and IV.. T h i s l i m i t e d survey shows both 
streams to be f l o r i s i l e a l l y poor and only two bryophytes, 
Drepanocladus f l u i t a n s and Scapania undulata. an angiosperm 
June us e f f u s u s . and an algaj& Ilormldium sp. were i n s u f f i c i e n t 
q u a n t i t i e s f o r a n a l y s i s f o r heavy metals. S i m i l a r l y , only s i x 
s p e c i e s of i n s e c t s from the a c i d stream ( S e c t i o n 3 . 1 ) and f i v e 
s p e c i e s from the Venthead stream ( S e c t i o n 3*2) were i n l a r g o 
enough numbers f o r a n a l y s i s . The only v e r t e b r a t e form, 
Rana temporaria vas s p a r c e l y d i s t r i b u t e d . 
Most of the p l a n t m a t e r i a l c o l l e c t e d was cut i n t o 
d i f f e r e n t s e c t i o n s to determine whether s i n e or cadmium 
concentrated i n one p a r t i c u l a r a r e a . The s p e c i e s concerned 
were the bryophytes and the angles)perm. 
I n p r e p a r a t i o n , a l l plant m a t e r i a l vas easy to c l e a n with 
the exception of Hormidlura sp. T h i s filamentous algae 
presented problems s i n c e d e t r i t a l m a t e r i a l was i n s e p a r a b l e 
from i t . T herefore, f a u l t y enrichment r a t i o s could have 
a r i s e n . Animal samples were c l e a n and easy to work with. 
A f t e r p r e p a r a t i o n , b i o l o g i c a l m a t e r i a l was analysed e i t h e r 
by dry o r wet-ashing techniques. 
2.3 P l a n t A n a l y s i s 
• i 1.1 .ifr.uiniyinimri.ij.'iiifl in iiiiir ,nr; lif lMiniirinri 
The p l a n t samples concerned were dry ashed according to 
the method o u t l i n e d by U l r i c h and Johnson ( 1 1 9 5 9 ) , and Baker 
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et a l . ( 1 9 6 4 ) . After comparing dry-ashing with two other 
techniques, Adrian ( 1 9 7 3 ) concluded that dry-ashing i s an 
acceptable method with high precision and i s an easy 
technique to follow. 
Specimens lb rough t back to the laboratory were washed 
several times with demineralised, d i s t i l l e d water before 
being placed i n a drying oven at 103°C for 2h hours. The 
material was then ground up with a porcelain mortar and pestle 
and samples between 0 . 1 - 0 . 3 g were weighed i n pre-acid washed, 
dust f r e e , s i l i c a c r u c i b l e s . The cruoibles were next placed 
i n a lead-lined e l e c t r i c muffle furnace at i»90°C for 2k hours. 
This type of furnace was used since Baker et a l . discovered 
that clay l i n i n g of the sides and surface was a source of zinc 
and aluminium contamination. The plant material was then 
removed„ and weighed again to obtain the inorganic ash content. 
After the ash material was dissolved i n a c e r t a i n volume of 
2N HCl, i t was f i l t e r e d through Whatman's $ 1 f i l t e r paper 
into pre-acid washed 25 ml volumetric flanks. Deraineralised, 
d i s t i l l e d water made up the r e s t of the volume. Usually, as 
i n most plant samples, an insoluble s i l i c a f r a c t i o n remained; 
however, the amount of trace elements lostt was negligible. 
Blanks were also prepared with the same volume of hydrochloric 
acid used since even double d i s t i l l e d hydrochloric acid 
contains appreciable amounts of heavy metals (Robertson 1 9 6 8 ) . 
2 . 4 Animal Analysis 
Both dry and wet-ashing techniques wore employed 
depending on the species concerned, 
(a) Dry-Ashing 
A l l invertebrate material was digested for metals 
1 1 . 
following tlie procedure outlined i n Section 2 . 3 . Size of 
samples varied fx'om 0 . 0 2 - 0 . 1 5 g . 
(b) Wet-Ashing 
Vertebrate specimens were digested according to the 
method/, described by U l l r i c h and Johnson (1957) and Preston 
et a l . ( 1 9 7 1 ) * The material vas placed i n a drying oven 
overnight at 103°C. After the samples were ground with 
mortar and pestle and weighed, 20ml of n i t r i c acid vas added 
to i t and the soution was allowed to stand overnight. A 
small quantity ( 5 m l ) of perchloric acid and: hydrochloric acid 
was then added. The solution was next placed on a warming 
plate and was l e f t to evaporate. When 1 -2 ml remained i n the 
f l a s k , the contents were f i l t e r e d with >noatman*s % h2 f i l t e r 
paper into pre-acid washed glass bottles and the solution was 
diluted to 1 0 0 ml with demineralised, d i s t i l l e d water. The 
samples were then taken to the atomic absorption spectro-
photometer for metal a n a l y s i s . Blanks were also made up with 
reagents only. 
2 . 5 Sediment 
Analysis of sediment was performed following a modi-
f i c a t i o n of the technique outlined by Cross et a l . ( 1 9 7 0 ) . 
Sediments ( 2 . 0 g ) from both areas were placed i n a drying 
oven at 103°C f o r Zk hours. P a r t i c l e s used i n t h i s method, 
were /_ 1 . 1 7 ran. After weighing the p a r t i c l e s , 5 0 ml of 0.1 
N HC1 acid was added and the solution was l e f t alone undisturbed 
overnight. The sediment was next ground with a mor€ar and 
pestle and diluted to 100 ml using 0 .1 N HOI acid. Two hours 
later, the remaining sediment was f i l t e r e d with Whatman's 
42 f i l t e r paper. The r e s u l t i n g f i l t r a t e was made up to a 
Volume of 150 ml with 0 .1 N HC1 acid and th<; concentration of 
12. 
metals was then determined by atomic absorption spectro-
photometry • Blanks were also prepared with reagents only. 
2.6 Particulate Matter 
Particulate s a t t o r vas defined as a l l foreign material 
that vas not passable through a 0.45y< Plillipore membrane 
f i l t e r . The method used i s described by Preston et a l . 
Three to four l i t r e s of water were f i l t e r e d from each s i t e . 
The f i l t e r s vers then placed i n a vide mouthed beaker which had 
previously been added 100 ml of 0.1 N HC1 and 1 ml of 
hydrogen peroxide. A large watch g\Las3 vas placed over each 
beaker to prevent foreign, matter from entering. The contents 
wore next heated gently u n t i l the l i q u i d had evaporated to 
about 20 ml, and the solution was then transferred to a 50 ml 
pre-acid washed volumetric f l a s k with some help with 
demineralised, d i s t i l l e d water. Samples were then taken to 
the atomic absorption spectrophotometer for a n a l y s i s . Blank 
samples were also prepared. 
2.7 Broad Band Matrix Interference 
The elements sodium, potassium, magnesium and calcium 
have been known to produce considerable "noise" at a l l 
wavelengths and therefore positive interference i n the 
determination of heavy metals (Preston et a l . 1 9 7 0 ) . Table 
I below indicates the various absorbances of cert a i n metals 
on the zinc and cadmium wavelengths. 
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Table I Interference of Various Metals on the Zinc and 
Cadmium Wavelengths 
Metal Interference on Zn wavelength 
Cone. (fflgr/l) 
(mg/l) Na K Mg Ca 
Interference on Cd wavelength 
Na X Mg Ca 
500 
1000 
tooo 
3000 
5 0 0 0 
10000 
0 . 0 0 2 
0.00k 
0 . 0 1 0 
0 . 0 1 5 
0 . 2 0 9 
un 
0.001 
0 . 0 0 9 
0 . 0 1 8 
un 
0.001 
0.008 
0 . 0 1 6 
0 . 0 6 9 
0 . 1 2 7 
un 
0 . 0 0 3 5 
0.0075 
0.011 
0 . 0 2 3 
0.047 
un un 0 .011 
0 .001 0 .001 0 . 0 2 4 
0 .051 
0 . 0 0 6 - 0 . 1 6 2 
0 . 0 1 2 - 0 . 2 4 6 
*un - undetectable 
This table shows that high concentration of these elements 
can create substantial interference i n the determination of zinc 
and cadmium. For t h i s reason, metal analysis was preformed on 
a l l plant and animal digestions to evaluate the amount of 
interference present f or each species tested. However, 
interference was negligible. Values for concentrations of 
sodium, potassium, magnesium and calcium were always l e s s than 
1 5 0 mg/l of element! For example, the case of the hemipteran, 
Ge r r i s l a c u s t r i s (Table I I ) . Referring back to Table I , 
interference at these l e v e l s i s undetectable. 
Table I I Interference on the Zinc and Cadmium Wavelengths 
for the heioipteran, G e r r i s l a c u s t r i s 
Cone, (mg/l) Interference on Interference on 
Element i n 25 ml f l a s k Zn wavelength Cd wavelength 
(mg/l) (mg/l) 
Na 2 . 9 undetectable undetectable 
K 7.1 undetectable undetectable 
Mq 1 . 0 5 undetectable undetectable 
Ca 2 .1 undetectable undetectable 
Ik. 
Table I I I . F l ora and Fauna Survey of the Acid Stream 
SPECIES 
FLORA 
1. Anglosperras 
Juncus effusus 
2. Bryophytea 
Drepanocladus f l u l t a n s 
FAUNA 
1. Insects 
or Hemiptera 
Gerris l a c u s t r i s 
Sigara sp. 
or Diptera 
Tendipes sp. 
Dipteran F l i e s 
or Coleoptera 
Gyrinus sp« 
or Odonata 
Enallagma cyathigerum 
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Table IV Fl o r a and Fauna Survey of the Neathead Stream 
SPECIES 
FLORA Stat l o n ( s ) 
1. Angiosperms 
Juncue effusus 
2 . Bryophytes 
Scapania undulata 
3 . Algae 
Kormidium sp. 
1. Insects 
or. Heraiptera 
V e l i a caprai 
or. Ephemeroptera 
Ephemerella sp. 
or. Coleoptera 
Piydrophllus sp. 
or. Trlcoptera 
Potamophylax latipennis 
Hydropsyohe i n s t a b i l i s 
2 . Vertebrates amphibia 
Rana temporaria 
2 , 3 , *», 5 , 7 
3 . 4 f 5 . 7 . 
6 . 
2 , 3f 5» 6 , 7» 8 . 
3 * 4 , 5 . 8 . 
1 . 2 , 3 , 4 , 5 , 6 , 7 , 8 . 
5 . 6 . 
3 . 5 , 6 , 7 . 
2 , *», 5 , 7 . 
AREAS SELECTED 
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3 . AREA SELECTED 
3.1 Acid Stream 
(a) Location and Introduction 
The a c i d stream studied was located near the town New 
Branoepeth i n County Durham (Fig. 1 ) . The stream a r i s e s 
from an underground spring fixed near the top of coal heaps 
and flows for about 1 . 5 kilometres before entering Red Burn 
and eventually the River Wear. Figure 2 JLs a more detailed 
map of the stream i t s e l f . The sampling s i t e chosen was a 
small res e r v o i r where the stream enters and leaves ( F i g . 3 ) . 
Stream flow i s negligible. Bottom sediment was characterised 
by a f i n e , , s i l t y material. The water deptth does not exceed 
1 . 5 metres. Physical and chemical features are itemized i n 
Section h. The rese r v o i r area recorded the highest d i v e r s i t y 
of aquatic l i f e . A survey of the f l o r a and fauna has been 
outlined i n Table I I I (Section 2 ) . 
(b) Mining History 
D r i f t mining i n the coal seams surrounding the stream 
began i n the 18th century and terminated i n 1 9 4 8 . Later, 
shafts were erected to reach the deeper seams ( 1 9 2 6 ) and i t 
was not u n t i l 1966 that mining i n the area f i n a l l y ceased. 
(Robinson 1 9 7 0 ) . The coal mined contained appreciable 
amounts of pyrite and maroaslte. Consequently, the mine 
drainage invariably contains sulphuric acid and accounts for 
the low pH ( 3 ) of the stream. Literature pertaining to 
the formation of acid wastes i s given by Parsons ( l 9 5 7 ) t and 
Koryak et a l . ( 1 9 7 2 ) . 
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3.2 Nenthead Stream 
(a) Location and Introduction 
The a l k a l i n e stream investigated was located at 
Nenthead v i l l a g e i n the Alston d i s t r i c t ±n East Cumberland 
(Fig. 1). The beginning of the stream seeps from the side 
and toe of an old mine heap and flows south west for 2.5 
kilometres before entering the River Nent which l a t e r 
empties into the Tynst River. The main stream and many of 
i t s t r i b u t a r i e s are heavily polluted by heavy metal drainage 
derived from abandoned sine and lead mines. As already 
Indicated (Section 1 ) , the Nenthead stream provided a 
natural concentration gradient of zinc and cadmium. 
Consequently, eight sampling s i t e s were chosen. Figure h 
outlines these stations. The stream i s characterized by 
swift running water ( F i g . 5} except at sta t i o n 2 where the 
flow i s slow and sluggish. Sediment v a r i e s from a gravel 
type at most stations to a muddy type at (Station 2. Physical 
and chemical data for the various stations are discussed i n 
Section A f l o r a and fauna l i s t has been presented i n 
Table IV (Section 2 ) . Station 2 was used as a comparison to 
the a c i d stream because of s i m i l a r sediment types, heavy 
metal contents and flow r a t e s . 
(b) Mining History 
The Nenthead d i s t r i c t has had an intensive mining 
hi s t o r y . Ironstone was worked i n t h i s region as early as the 
12th century and by 1917 the output of the tfeardale was about 
300 tons weekly (Contril et a l . 1919)* The pr i n c i p l e zinc 
bearing region of t h i s area i s positioned at Nenthead ( F i g . 6 ) . 
Sphalerite i s the only primary zinc material of the f i e l d . 
21 . 
Analysis of sphalerite concentrates i n t h i s region reveals 
59.9% zinc and 0 . 2 6 - 0 . h0% cadmium (.Dunham 1 9 4 8 ) . 
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RESULTS 
4. RESULTS 
4 . 1 V a t e r A n a l y s i s 
( a ) A c i d Stream and S t a t i o n 2 Nenthead Stream 
The pf! r e a d i n g s r e c o r d e d a t t h e a c i d stream ranged f r o m 
2 . 4 9 t o 2 .71 t h r o u g h o u t t h e s t u d y . The pH v a l u e s d e t e r m i n e d 
a t s t a t i o n 2 were a l s o f a i r l y s t a b l e , v a r y i n g f r o m 6 . 6 t o 
6 . 7 ( T a b l e V, V T I - I X ) . 
T a b l e s V-IX show t h e r e s u l t s o f f o u r w a t e r c o l l e c t i o n s 
c a r r i e d o u t d u r i n g May, June* J u l y and August a t each s i t e . 
Z i n c and cadmium l e v e l s a t b o t h s t a t i o n s ranged as f o l l o w s : 
( ragr/1) 
Zn X Cd X 
A c i d Stream 0 . 9 6 5 - 1 . 0 2 7 1.007 O .OOS5-0.017 0 .0118 
S t a t i o n 2 0 . 9 0 - 3-40 1.62 0 . 0 0 7 5 - 0 . 0 2 1 0 .014 
M o n t h l y v a r i a t i o n o f each element f r o m b o t h s i t e s i s 
shown g r a p h i c a l l y i n F i g s . 7» 9 , 10. 
The c a t i o n s sodium, p o t a s s i u m , magnesium and c a l c i u m a l l 
showed h i g h e r l e v e l s i n t h e a c i d stream t h a n s t a t i o n 2 ( T a b l e s 
V-XX). These elements a l s o i n d i c a t e d l e s s monthly v a r i a t i o n 
i n t h e a c i d stream ( F i g s . 8 , 12-15) 
(b ) Nenthead Stream, 
Tables VI-X and F i g s . 9,10 p o i n t o u t t h e n a t u r a l 
c o n c e n t r a t i o n g r a d i e n t o f heavy m e t a l s found a t t h e d i f f e r e n t 
s t a t i o n s * Mean z i n c v a l u e s ranged f r o m 2 8 . 6 ° mg/1 a t s t a t i o n 
1 t o 4.84 ing/1 and f i n a l l y dropped t o 0 .153 mg/1 a t s t a t i o n 5 . 
S i m i l a r l y , mean cadmium l e v e l s v a r i e d f r o m 0 . 065 mg/1 a t 
s t a t i o n 1 t o 0 .003 mg/1 a t s t a t i o n 5 . A d i r e c t c o r r e l a t i o n 
( r = 0 . 9920) between t h e aqueous s i n e and cadmium c o n c e n t r a t i o n s 
2 6 . 
was f o u n d a l o n g t h e stream ( T a b l e X I and F i g . 11 ) . 
Each s t a t i o n showed d i f f e r e n t c o n c e n t r a t i o n s o f t h e 
c a t i o n s sodium, p o t a s s i u m , magnesium and c a l c i u m ( T a b l e s V I -
X ) . Mean sodium v a l u e s ranged f r o m 8 ,66 mg/l a t s t a t i o n k 
t o 3 .22 rag/1 a t s t a t i o n 1 . C o n t r a s t i n g l y , mean po t a s s i u m 
l e v e l s were f o u n d l o w e s t a t s t a t i o n k and h i g h e s t a t s t a t i o n 
1. Mean magnesium and c a l c i u m l e v e l s were r e c o r d e d h i g h e s t 
a t s t a t i o n 5 (7*93 mg/1 Wig, 28 .85 og/1 Ca) whereas t h e l o w e s t 
v a l u e s were n o t e d a t s t a t i o n 3 ( 1 . 4 7 mg/1 Mg, 8.14 mg/1 Ca). 
4 . 2 P l a n t A n a l y s i s * 
( a ) A c i d Stream and S t a t i o n 2 Nenthead Stream 
Ta b l e s XIJ-XIV and X V I I show t h e a c t u a l v a l u e s o f z i n c 
and cadmium accumulated and t h e i r e n r i c h m e n t ( c o n c e n t r a t i o n ) 
r a t i o s expressed i n b o t h d r y and ash w e i g h t s . A c i d stream 
f l o r a shoved e x t r e m e l y low enrichment v a l u e s . The b r y o p h y t e , 
Drepanocladus f l u i t a n s r e c o r d e d c o n c e n t r a t i o n r a t i o o f o n l y 
4 4 . 8 f o r z i n c and 148 f o r cadmium. Enrichment r a t i o s f o r t h e 
angiosperm, Juncua e f f u s u s were a l s o l o w. C o n t r a s t i n g l y , 
J . e f f u s u s c o l l e c t e d a t s t a t i o n 2 r e g i s t e r e d a much enrichment 
o f b o t h heavy m e t a l s . Chi-square d i s t r i b u t i o n f o r t h i s a n g i o -
sperm f r o m b o t h s i t e s r e v e a l e d t h a t b o t h z i n c and cadmium 
c o n c e n t r a t i o n v a l u e s a r e s i g n i f i c a n t l y p 0 . 0 0 1 ) h i g h e r at 
s t a t i o n 2 . B i c a c c u m u l a t i o n o f each element by t h e d i f f e r e n t 
s e c t i o n e d p a r t s o f t h e p l a n t s p e c i e s v a r i e d c o n s i d e r a b l y * 
T h i s i s shown i n Tables X I I - I V and X V I I and g r a p h i c a l l y i n 
F i g s . 16 and 1 7 . 
* F o r convenience, t h e r e s u l t s l i s t e d below a r e s t a t e d i n 
d r y w e i g h t f i g u r e s o n l y . 
( b ) Henthead Stream 
Tab l e s XIV-XX1 i n d i c a t e t h e a c t u a l heavy m e t a l 
c o n c e n t r a t i o n and t h e e n r i c h m e n t r a t i o s o f each s p e c i e s 
s t u d i e d . Enrichment r a t i o s v a r i e d f o r each s t a t i o n . The 
b r y o p h y t e , Scapania u n d u l a t a r e g i s t e r e d z i n c enrichment r a t i o s 
w h i c h ranged f r o m 828 a t s t a t i o n k t o 19281 a t s t a t i o n 5 . 
S i m i l a r l y , r a t i o s f o r cadmium v a r i e d g r e a t l y , e x t e n d i n g f r o m 
819 a t s t a t i o n 7 t o 2433 a t s t a t i o n 5 . A c c o r d i n g l y , h i g h e s t 
enrichment r a t i o s f o r J uncus e f f asus were arecorded a t s t a t i o n 
5 and t h e l o w e s t v a l u e s were n o t e d a t s t a t i o n ?. 
The o n l y a l g a l s p e c i e s a n a l y z e d , HoriajLdiutn sp. had a 
z i n c c o n c e n t r a t i o n r a t i o o f 516 a t s t a t i o n 6 . However, as 
i n d i c a t e d i n S e c t i o n 2 . 2 , t h i s e n r i c h m e n t r e s u l t may be 
m i s l e a d i n g d u r e t o e r r o r s i n p r e p a r a t i o n . 
A c c u m u l a t i o n g r a d i e n t s were a l s o found! i n the s e c t i o n e d 
p a r t s o f Scapania u n d u l a t a and Juncus e f f u a u a ( F i g u r e 17 ) . 
h.3 Animal A n a l y s i s * 
( a ) A c i d Stream and S t a t i o n 2 Nenthead Stream 
The a c t u a l heavy m e t a l a c c u m u l a t i o n v a l u e and t h e 
e n r i c h m e n t r a t i o s f o r each spe c i e s i s shown i n T a b l e s X I I - I V 
and X V I I . 
The most abundant i n v e r t e b r a t e p r e s e n t i n t h e a c i d stream 
was t h e c h i r o n o m i d Tendipes sp. The l a r v a l f o r m o f t h i s 
s p e c i e s r e c o r d e d enrichment l e v e l s o f 8 5 . 9 f o r z i n c and 139 
f o r cadmium. R a t i o s o f b o t h elements f o r t h e emerging a d u l t s 
were s i m i l a r . Kox*ever, v a l u e s f o r t h e empty m o u l t s o f t h e 
p u p a l s t a t e were n o t a b l y h i g h e r ! 
* F o r convenience» t h e f o l l o w i n g r e s u l t s a r e expressed i n 
d r y w e i g h t f i g u r e s o n l y . 
2 8 . 
A Z i n c c o n c e n t r a t i o n r a t i o o f 136 f o r the h e m i p t e r a n , 
G e r r i s l a c u s t r i s , was t h e h i g h e s t v a l u e r e c o r d o d f o r a l l t h e 
a d u l t forms o f t h e a c i d stream's t r u l y a q u a t i c i n s e c t s . 
C o n t r a s t i n g l y , cadmium l e v e l s were h i g h e s t i n t h e h e m i p t e r a n , 
S i g a r a sp. I t i s i n t e r e s t i n g t o n o t e t h a t i n b o t h e l e m e n t s , 
e n r i c h m e n t r a t i o s were g r e a t e r i n t h e young- t h a n t h e a d u l t 
s t a g e o f G e r r i s l a c u s t r i s . A d r a g o n f l y i n the a r e a , 
Bnallagma cyathegeruia had a c o n c e n t r a t i o n r a t i o o f 269 f o r 
z i n c and f o r cadmium. 
I n comparison, t h e h e r a i p t e r a n V e l i a c a p r a i ( a d u l t ) f r o m 
s t a t i o n 2 r e g i s t e r e d an e n r i c h m e n t r a t i o o f k53 f o r z i n c and 
k29 f o r cadmium. S i m i l a r t o Gerri3 l a c u s t r i s , t h e younger 
st a g e o f V e l i a c a p r a i r e c o r d e d a h i g h e r e n r i c h m e n t v a l u e t h a n 
t h e a d u l t s t a g e . C o n c e n t r a t i o n r a t i o s f o r the c o l e o p t e r a n 
H y d r o p h i l u s sp. were 262 f o r z i n c and J6h for cadmium. 
Chi-square d i s t r i b u t i o n on s i m i l a r i n s e c t o r d e r s f r o m 
b o t h s i t e s shoved t h a t b o t h heavy m e t a l s were s i g n i f i c a n t l y 
( p 0 , 0 0 1 ) h i g h e r a t s t a t i o n 2 ( T a b l e X X I I ) . Not too much 
s h o u l d be t a k e n f r o m t h i s t e s t s i n c e these comparisons were 
done w i t h s i m i l a r o r d e r s o f i n s e c t s and n o t the a c t u a l s p e c i e s 
i t s e l f * 
( b ) Henthead Stream 
The a c t u a l heavy m e t a l a c c u m u l a t i o n v a l u e and the 
e n r i c h m e n t r a t i o s f o r each s p e c i e s i s o u t l i n e d i n T a b l e s XIV-
X X I i TCnrichment v a l u e s v a r i e d enormously f o r t h e s p e c i e s 
concerned. C o n c e n t r a t i o n r a t i o s f o r V e l i a 'fiaprai range f r o m 
17^ f o r z i n c and 181 f o r cadmium a t s t a t i o n 7 t o 1873 f o r z i n c 
and 967 f o r cadmium a t s t a t i o n 5 . S i m i l a r l y , enrichment 
r a t i o s o f b o t h elements f o r t h e c o l e o p t e r a n H y d r o p h i l u s sp. 
and t h e t r l c o p t e r a n Hydropsyche i n s t a b l l i s were h i g h e s t a t 
s t a t i o n 5 and l o w e s t a t s t a t i o n 7* 
The t r i c o p t e r a n Potamophylax l a t i p e n n i s and t h e 
empheropteran Epheraerella. sp. r e c o r d e d t h e h i g h e s t enrichment 
r a t i o s o f a l l the i n s e c t s a n a l y z e d . 
The o n l y i n v e r t e b r a t e i n v e s t i g a t e d , Rana temporaria» 
r e g i s t e r e d z i n c c o n c e n t r a t i o n r a t i o s which ranged f r o m 3^7 
a t s t a t i o n 7 t o 3242 a t s t a t i o n 5 . Cadmiumi l e v e l s v a r i e d f r o m 
341 a t s t a t i o n 4 t o 1653 a t s t a t i o n 5 . 
C o r r e l a t i o n s between t h e e n r i c h m e n t r a t i o s and t h e a c t u a l 
aqueous heavy m e t a l c o n c e n t r a t i o n were a t t e m p t e d f o r each 
element on each s p e c i e s . C o r r e l a t i o n c o e f f i c i e n t s a r e shown 
i n T a b l e X X I I I and s i g n i f i c a n t r e l a t i o n s h i p s a r e expressed 
g r a p h i c a l l y i n F i g s . 1 8 - 2 0 . P l a n t and a n i m a l m a t e r i a l 
i n v e s t i g a t e d f o r z i n c showed s i g n i f i c a n t n e g a t i v e c o r r e l a t i o n s 
(p 0.0T>) f o r each s p e c i e s . C o n t r a s t i n g l y , o n l y June us 
e f f u s u s and Ephamerella pp. showed s i g n i f i c a n t c o r r e l a t i o n s 
f o r cadmium. 
4 . 4 P a r t i c u l a t e M a t t e r and Sediment 
( a ) A c i d Stream and S t a t i o n 2 Nenthead Stream 
Z i n c i n c o r p o r a t e d as p a r t i c u l a t e n a t t e r a t s t a t i o n 2 was 
380 g r e a t e r t h a n t h e v a l u e s r e c o r d e d i n t h e a c i d s tream. 
S i m i l a r l y , t h e cadmium l e v e l i n suspended m a t t e r a t s t a t i o n 2 
was 32 h i g h e r t h a n t h e f i g u r e n o t e d i n t h e a c i d stream 
( T a b l e XXIV). 
Both s i t e s had a c h a r a c t e r i s t i c muddy b o t t o m sediment. 
Sediment v a l u e s a t s t a t i o n 2 had 352 more z i n c and 510 
more cadmium t h a n sediment f r o m t h e a c i d stream ( T a b l e XXV). 
30 . 
Chi-3quare d i s t r i b u t i o n showed s i g n i f i c a n t d i f f e r e n c e s 
( p O.OOl) f o r t h e c o n c e n t r a t i o n o f z i n c and cadmium i n 
p a r t i c u l a t e m a t t e r and sediment f o r b o t h s i t e s ( T a b l e XXVI). 
( b ) Nenthead Stream 
P a r t i c u l a t e m a t t e r r e a d i n g s were n o t a t t e m p t e d f o r each 
s t a t i o n . Sediment v a l u e s v a r i e d enormously between t h e 
i 
s t a t i o n s . No s i g n i f i c a n t c o r r e l a t i o n was f o u n d t o suggest 
a g r a d i e n t (Table XXVTI). 
T a b l e V Water A n a l y s i s A c i d Stream 
15/V/73 2 2/VI / 7 3 2 0 / V I I / 7 3 5 / V I I I / 7 3 Mean 
Tetnp.°C 9.'* 2 1 . 3 16 .1 1 7 . 0 
pH 2.71 2 .49 2 .65 2 .68 
Na 12.98 11 .6 17 .3 1 7 . 5 1 4 . 8 ± \<o 
K 1.21 0 .40 13 .3 14 .0 7 .2 I 2 . 3 
Me 60 .80 85 .0 53 .5 5'fc.fc 63 .4 1 7 . 9 
Ca 59.57 55.6 7 0 . 0 70 6 3 . 8 ± 7 . 9 
Zn 1.026 1.027 1.01 0 .965 1.007*0-08 
Cd 0.01 0 .017 0.012 0.0085 0 . 0 1 1 8 ± 0 . 0 0 3 
N.B. A l l r e s u l t s i n rag/1 
3 2 . 
T a b l e V I Water A n a l y s i s Nenthead Stream 15/V/73 
S t a t i o n Na K Mg Ca Zn Cd 
1 - 1 .09 3 .9 16 .3 20 .2 0 .065 
2 - 0 .64 2.1 12.1 3 .34 0 .013 
3 - 0 .73 1.55 3 .7 2 .94 0.002 
4 - 0.61 1.33 5.1 4 .22 0.024 
5 - 0 .15 0.001 
6 - 0 .65 2 . 1 9 . 0 1 .63 0.015 
7 - 1 .17 2 . 9 9 . 8 4.71 0 .010 
8 - 0 .76 2 .4 9 . 8 1.59 0 .006 
33 . 
T a b l e V I I Water A n a l y s i s Kenthead Stream 1 3 / V I / 7 3 
S t a t i o n J * P H Na K Ca Zn Cd 
*1 17 .9 6 .45 3 .3 1.47 5.1 2 3 « 5 27 .6 
2 1 8 . 0 6 . 6 5 .90 1.04 1.73 1 3 « 4 0 .90 0 .015 
3 18 .3 6 . 7 6 . 5 0 .17 1.60 10 .8 0 .810 0.0055 
4 18.1 5 .63 7 .7 0 .077 1.73 9 .65 6 .09 0 .015 
5 16 .5 6 .4 8 .9 O.65 2 , 3 16 .4 0 ,140 0 .003 
6 17 .4 6 . 5 5 .6 1.11 7 .4 27 .6 2 . 0 0.006 
7 17-6 6 .10 4 .4 1.24 3 .5 11 .7 3 .8 0.011 
8 17 .8 6 . 3 5 .0 1.16 6 . 5 2 5 . 7 2 . 0 0 .015 
* Water a n a l y s i s 2 5/VI / 7 3 
34 . 
T a b l e V I I I Water A n a l y s i s Nenthead Stream 4 / V I I / 7 3 
Temp. 
S t a t i o n p H N a K M f f C a Z n C d 
1 19.1 6 .5 - - 37 .5 
2 19 .2 6 .7 6 . 0 0 .26 2 .12 16 .4 1.30 0 .021 
3 19 .5 6 .65 5 .8 0 .33 1.34 8 .3 O.50 0 .015 
4 19 .5 5 .65 9 .9 0 .32 2 .17 10 .7 5-38 0 . 022 
5 17 .5 6 .4 8 .3 0 .24 2 .34 15 .2 0 .140 0.008 
6 18 .5 6 .75 5 .7 0 .68 12 .13 36 .5 1.55 0.015 
7 19 .25 6 .15 4 .6 0 .82 3.81 12 .2 2 .38 0 .016 
8 20 .25 6 .35 5 .5 0 .86 3.81 2 6 . 5 1.38 0 .020 
35. 
T a b l e I X Water A n a l y s i s Nenthoad Stream, 4 / V I I I / 7 3 
S t a t i o n T ! f n p ' PH Na K Mg Ca Zn Od 
T C ) 
2 1 9 . 3 6 . 7 5 5 . 3 0 . 4 3 6 . 9 18.1 0 . 9 7 0 0 .0075 
3 19 . 4 6 . 7 6 . 5 0.31 1.4 10 .1 0 . 690 0 .006 
4 19 . 6 5 . 5 3 .4 0 . 47 1 . 3 7 . 1 3 . 66 0 .0095 
5 1 8 . 3 6 . 4 7 . 8 0 .15 2 . 1 14 .9 0 .183 0 .001 
6 18 . 6 6 . 4 6 . 0 0 . 42 10 . 1 2 2 . 3 1*75 O.OO65 
7 1 8 . 7 6 . 0 6 . 4 0 . 45 3 . 0 1 0 . 1 3 . 17 0 .0095 
8 1 9 . 5 0 6 . 2 5 5 .55 O .15 4 . 9 1 8 . 2 1.65 0 .006 
36 . 
T a b l e X . Moan Element Values f o r each S i t e (4 c o l l e c t i o n s ) 
S i t e Sodium mg/l 
Potassium 
mg/1 
Magnesium 
rag/1 
Calcium 
mg/1 
ZJLne 
iag / 1 
Cadmium 
mg /1 
1 3.32 1.28 4 .53 19.92 2 8 . 4 - 6 . 0 0 .065 
2 5 .71 0 .593 3 .22 15.00 1 .62*0.781 0 .014*0.005 
3 6 .26 0.422 1.47 8 .23 1.23*0.654 0 .007*0.0008 
4 8 .66 0 .369 1.63 8.14 4 . 8 4 - 1 . 9 4 0.0176*0.008 
5 5.76 0 .715 7 .93 28 .85 0 .153 -0 .04 0 .003*0.009 
6 8 .33 O.380 2 .45 15 .50 1 .73*0.680 0.0106*0.0033 
7 5 .13 0 .920 3 .33 10 .95 3 .51*1 .7 0 .0116*0.003 
8 5 .35 0 .732 4.4 20 .05 1 .66 -0 .71 0.0117*0.004 
T a b l e XJ C o r r e l a t i o n C o e f f i c i e n t between Z i n c and Cadmium 
D i s t r i b u t i o n i n t h e Nenthead Stream 
v Sig 
0.99207 0.001 
37 . 
T a b l e X I I Enrichment R a t i o f o r t h e F l o r a and Fauna o f t h e 
A e i d Stream 
- ZINC -
Zn (aq) 1.007 mg/l 
SPECIES No o f Z i n c (mg/kg) Enrichment R a t i o 
Samples -dry xrt ash v t d r y w t ash v t 
FLORA 
Angiosperms 
Juncus o f f u s u s (0—150 mm) 1 37 .5 457 .5 34 .7 45* 
(150-300 mm) 1 35 432 .5 3^.7 430 
( 300 mm) 1 30 380 2 9 . 8 377 
Bryophytes 
Drepanocladus f l u i t a n s 3 45.317 414*24 44 .8 411 
(stems) 1 44 .6 297 44 .3 295 
( l e a v e s ) 1 42 .4 658 42.1 653 
(0 -50 ram) 1 52 486 51 .6 483 
(50-100 mm) 1 48 448 47 .6 445 
( 100 mm) 1 33 308 32 .7 306 
( d e t r i t u s ) 3 42 .5*2 .3 357 41 .2 354 
FAUNA 
I n s e c t s 
TTeitdipes sp. ( l a r v a ) k 86.5*8-"2 1025-64 S 5 . 9 1018 
( m o u l t s } 1 139.7 2342 139 2325 
( a d u l t s ) 3 91 .6*10 .2 1086-83 9 0 . 9 2072 
D i p t e r a n f l i e s 1 157 .5 1955 156 1941 
G e r r i s l a c u s t r i s (young) 3 182.5*31 2700*94 181 2681 
( a d u l t s ) 3 137.3*20 2065*65 136 2051 
S i g a r a s p . 1 110 1430 109 1420 
G y r i n u s sp. 3 90 .2*4 .6 89 .6 ^ I t 9 3 * * 
-y 
1185 
Bnallagma ceatathigerura 1 271 1030 
• > 
269 1023 
38. 
Table X I I i Enrichment R a t i o s f o r t h e F l o r a and Fauna o f t h e 
A c i d Stream 
- CADMIUM -
Cd(aq) 0 .0118 mg/l 
No o f Cadmium me/kg Enrichment R a t i o 
Samples d r y w t ash wit d r y wt ash wt 
FLORA 
Angiospenas 
J uncus o f f u s u s (0*150 asm) 1 1.68 31.8 227 2695 
(150-300 mm) 1 2 .20 26 .8 186 2271 
( 300 mm) 1 0 .9 10 .7 77 907 
B r y o p h y t e s 
Drepanocladus f l u i t a n s 1 1.75 16 .3 148 1379 
(stems) 1 1.76 11 .7 149 992 
( l e a v e s ) 1 1.67 2 6 . 5 142 2246 
( 0 . 5 0 mm) 1 5 . 0 45 424 3815 
(50-1OO mm) - - - -
( 100 torn) 1 1.25 11.6 106 983 
( d e t r i t u s ) 1 1.25 8.1 106 686 
FAUNA 
I n s e c t s 
Tenedipes sp. ( l a r v a ) 1 1.64 19 .6 139 1661 
( m o u l t s ) 1 1,98 31.7 168 2685 
( a d u l t s ) 1 1.60 37 .3 136 3179 
D i p t e r a n f l i e s 1 3.1 37 .5 263 3179 
G e r r i s l a c u s t r i e (young) 1 2 . 5 37 .3 212 3158 
( a d u l t s ) 1 2 .4 36 203 3051 
S i g a r a sp. 1 2.51 32 .6 213 2763 
G y r i n u s sp. 1 2 .3 30.4 195 2576 
Enallagma c y a n t h i g e r u m 1 5 .2 1 9 . 8 441 1678 
T a b l e XQffl Enrichment R a t i o f o r t h e F l o r a and Fauna o f S t a t i o n s 1 and 2, 
- ZINC -
S t a t i o n 1 ZN(aq) 28 .4 rag/i S t a t i o n 2 ZN(aq) 1 .62 mg/i 
SPECIES No o f samples 
Z i n c 
d r y wt 
(mg/teg 
ash v t 
Enrichment R a t i o 
d r y wt ash wt 
No o f 
samples 
Z i n c 
d r y wt 
(rag/kg) 
ash wt 
Enrichment 
d r y wt 
R a t i o 
ash wt 
FLORA 
Angiosperms 
Juneus o f f u s u s 
(0-150 mm) - mm - 3 530±28 713397 327 4403 
(150-300 mm) - - 3 457-32 5964^110 282 3681 
( 300 mm ) - - - 3 403*30 4 8 3 4 ± 9 5 249 2984 
vo 
FAUNA 
V e l i a c a p r a i 
(young) - - - 1 850 12750 527 7870 
^ a d u l t s ) - - 3 734I40 11187-150 ^53 6905 
H y d r o p h i l u e s p . 1 450 5635 9 .26 120 1 425 56IO 262 
V e r t e b r a t e s 
Rana t e m p o r a r i a 1 1183 730 mm 
Table xy Enrichment R a t i o s f o r the F l o r a and Fauna o f S t a t i o n s 3 and 4 
- ZINC -
S t a t i o n 3 ZN(aq) 1 . 2 3 mg/l S t a t i o n 4 ZN(ag) 4 .84 mg/l 
SPECIES No of samples Zino dry wt i c tsh wt 
Enrichment R a t i o 
dry wt ash wt 
No of 
samples 
Zinc ( 
dry wt ash wt 
Enrichment 
dry wt 
. R a t i o 
ash wt 
FLORA 
Angiosperms — - - - ' 
Juncus e f f u s u s 
( 1 5 0 - 3 0 0 mm) 1 448 5 1 6 8 
4 2 0 1 1 5 6 5 6800 117 1 4 0 5 
Bryophytes 
Seapania undulata 3 4 8 2 0 ^ 7 9 . 3 2 1 6 7 8 ^ 1 7 0 3 9 1 9 1 7 6 2 4 3 4 1 0 9 - 7 3 18381-162 828 3 7 9 8 
( 0 - 3 0 mm) 1 1 3 2 1 7 59616 10746 48468 - - - -
( 3 0 - 6 0 mm) 1 ^550 20450 3699 16626 - •P-- 0 
• 
(top 2 0 - 3 0 mm) 3 • 4 3 8 9 ^ 7 6 1 9 7 4 8 - 1 6 8 3 5 6 8 16055 - - -
FAUNA 
I n s e c t s 
V e l i a c a p r a i 
( a d u l t s ) 1 664 9 9 5 4 5 3 9 8 0 9 3 - - - -
Ephemorella ap. 1 1 2 1 9 11867 9 9 1 9 6 4 8 1 1 7 0 0 1 6 4 9 0 351 3 4 0 7 
Hydrophilus sp. 1 3 2 9 4 4 2 6 2 6 7 3 5 2 9 1 488 6 3 8 7 101 1320 
Hydropsyche 
i n s t a b i l i s 3 7 6 9 - 3 2 6 9 1 5 - 9 9 6 2 5 5 6 2 2 - - mm -
V e r t e b r a t e s 
Rana temporaria 1 2 0 5 0 4 2 4 
Table XVI Enrichment R a t i o s f o r the F l o r a and Fauna of S t a t i o n s 5 and 6 
- ZINC 
S t a t i o n 5 Zn(aq) 0 . 1 5 3 tag/i S t a t i o n 6 ZN(aq) 1 . 7 3 mg/i 
NO Of SPECIES samples 
Z i n c (mg/%) 
dry wt ash wt 
Enrichment Ratio 
dry v t ash wt 
No of 
samples 
Z i n c (mg/kg) 
dry wt ash wt 
Enrichment R a t i o 
dry v t ash wt 
FLORA 
Anglosperras 
Junous offus u s 
( 1 5 0 - 3 0 0 nun) 1 1 9 5 2 3 6 0 1 2 7 ^ 15426 - - -
Bryophytes 
Soapania undulata 3 2 9 5 0 ^ 6 1 . 6 1 3 2 6 9 - 1 3 3 19281 8 6 7 2 6 — — 
Algae 
Hormidium sp. mm - - - 3 892-34 2791^133 5 1 6 1 6 1 3 ^ 
FAUNA • 
I n s e c t s 
V o l i a c a p r a l 
(young) 1 403 6 0 3 8 2 6 3 1 39464 - - -
( a d u l t s ) 1 2 8 5 4 2 7 5 1 8 6 3 2 7 9 4 1 1 7 7 0 1 1 5 5 0 4 4 5 6676 
4 
V 
etht\ ^ t w *\\* A O A - - -
Po tamorphylax 
l a t ipennis(body) 3 1 9 8 9 - 5 9 . 6 7 0 6 3 ^ 1 3 8 12993 4 6 1 6 4 3 7772±102 3 1 3 3 3 - 2 5 0 4 4 9 3 18112 
"house" 1 6 8 5 - 4 4 7 7 - 1 2 3 6 1 1 3 6 4 -
Hydropsyche 
i n s t a b i l i s 3 4 4 6 ± 2 5 4 1 5 0 ^ 8 5 2 9 1 5 2 7 1 2 4 3 7 9 9 - 3 0 7 2 4 0 ^ 9 3 4 6 2 4 1 8 5 
Hydrophilus sp. 1 1 5 3 1980 9 9 3 12941 1 440 5 8 0 8 2 5 4 3 3 5 7 
V e r t e b r a t e s 
Rana temporarla 1 4 9 6 — 3 2 4 2 — — — —• 
Tabl© XVII Enrichment Ratio f o r the F l o r a and Fauna of S t a t i o n s 7 and 8 
- ZIHC -
S t a t i o n 7 ZN(aq) 3 . 5 mg/k-z S t a t i o n 8 ZN(aq) 1 , 6 6 ras/fc 
SPECIES N o °* 
samples 
Zinc ( 
dry wt 
mgAcg) 
ash wt 
Enrichment Rat i o 
dry wt ash wt 
No of Zinc 
samples dry wt ash wt 
Enrieluuent R a t i o 
dry wt ash wt 
FLORA 
Angiospenas 
Juncus offusue 
( 1 5 0 - 3 0 0 auri) 1 2k 3 2 9 0 3 6 9 . 2 8 2 7 - - -
Dryophytos 
Scapania undulata 3 3 9 0 6 ^ 7 2 1 7 5 3 8 - 1 6 2 1 1 1 3 * * 9 9 7 - - - mm 
EAUNA 
I n s o c t s 
V e l l a c a p r a i 
( a d u l t s ) 1 6 1 0 9 1 5 0 17*» 2 6 0 7 1 7 7 3 1 1 7 5 2 4 7 2 7 0 8 0 
Hydrophilus sp. 1 2 6 0 3 * 1 0 7 * 9 7 2 1 4 5 0 5 6 3 5 2 5 9 3 3 9 5 
Epheraerella sp. - - - - 1 1 5 6 4 1 5 0 2 0 9 * * 2 9 0 4 8 
Hydropsycho 
I n s t a b i l i a 3 5 0 7 - ^ 2 ^ 7 ^ 8 - 1 2 0 1 3 5 3 - «• mm -
V e r t e b r a t e s 
Rana temporaria 1 1 2 8 7 - 3 6 7 - - mm - -
Tab lea X V I I I Enrichment R a t i o s f o r the F l o r a and Fauna of S t a t i o n s 1 and 2 
- CADMIUM -
S t a t i o n 1 Cd(aq) 0 . 0 6 5 mg/l S t a t i o n 2 Cd(aq) 0 . 0 1 4 mg/ 1 
SPECIES No of samples 
Cadmium (mg/1%) 
dry v t ash wt 
Enrichment R a t i o 
dry wt ash wt 
No of Cadmium(mg/kg) Enrichment R a t i o 
samples dry wt ash v t dry wt ash wt 
FLORA 
Angiosperms 
Juneus e f f u s u s 
( 0 - 1 5 0 ram) 3 6 . 0 ± 2 . 0 8 0 . 1 - 1 4 . 8 4 2 9 5 7 2 1 - -
( 1 5 0 - 3 0 0 mm) 3 . 6 5 - 1 . 1 4 5 . 8 ^ 1 5 . 1 2 6 1 3 2 7 1 B tt» « » 
( 3 0 0 mm) 3 2 . 2 - 0 . 7 2 6 . 8 ^ 8 . 8 1 5 7 1914 
FAUNA 
I n s e c t s 
V e l i a c a p r a i 
(young) 1 6 . 3 128 4 5 0 6 7 5 0 - -
( a d u l t s ) 1 6 . 0 9 2 . 6 429 6614 - -
Hydrophilus sp. 1 5 . 1 6 7 . 8 3 6 4 4 8 4 3 1 5 . 8 5 7 7 . 2 108 1400 
V e r t e b r a t e s 
fiana temporaria 1 1 8 . 7 1 3 3 6 
Table x i X 
- CADMIUM -
S t a t i o n 3 Cd(aq) 0 . 0 0 7 me/i S t a t i o n 4 Cd(aq) 0 . 0 1 7 6 11 g / l . 
SPECIES Jf° of Samples 
Cadmium (rogAg) 
dry wt ash wt 
Enrichment R a t i o 
dry wt ash wt 
No of 
samples 
Cadmium (mg/ kg) 
dry wt ash v t 
Enrichment R a t i o 
d r y wt ash wt 
FLORA 
Anglosperms 
Juncus e f f u s u s 
( 1 5 0 - 3 0 0 mm) 1 3 . 6 0 42 .8 5 1 4 6 1 1 4 1 4 .2 5 3 . 8 2 3 8 3 0 5 7 
Bryophytee 
Seapanla undulata - - mm - 3 1 5 . 0 ± 4 6 2 . 1 - 9 . 1 852 3528 
( 0 - 3 0 aaa) 1 5 1 . 7 2 3 6 7 3 8 6 33714 - -
( 3 0 - 6 0 mm) 1 33 1 5 2 4 7 1 4 2 1 7 1 4 9 mm - — -P 
(top20—30 mm) 1 1 4 . 5 66 2 0 7 1 9428 - mm -
FAUNA 
I n s e c t s 
V e l l a c a s r a i 
( a d u l t s ) 1 5 .9 88 .9 843 12700 - - -
Epheraerella sp. 1 1 0 . 2 5 9 7 . 6 1464 1 3 9 4 3 1 12 122 682 6932 
Hydrophilus sp. 1 5 . 0 9 6 7 . 1 7 2 7 9586 1 5 . 5 8 0 . 8 3 1 2 4591 
Hydropsyche 
I n s t a b 1 1 i s 3 1 4 . 7 ^ 1 . 6 1 3 6 - 1 3 . 2 2100 19429 «— mm - -
V e r t e b r a t e s 
Rana temporarla 1 22.68 341 1 
Table XX Enrichment R a t i o s f o r the F l o r a and Fauna of S t a t i o n s 5 and 6 
- CADMIUM -
S t a t i o n 5 Cd(aq) 0 .003 «ng/i S t a t i o n 6 Cd(aq) 0 .0106 mg/l 
No of 
SPECIES , 
samples 
Cadmium 
dry wt 
(ra&/k5§fr 
ash wt 
Enrichment R a t i o 
dry wt asK wt 
No of 
samples 
Cadmium 
dry wt 
(mg/le^ 
ash wt 
Enrichment R a t i o 
dry wt ash wt 
FLORA 
Angrio sperms 
Juncus e f f u s u s 
( 1 5 0 - 3 0 0 mm) 1 1 . 6 5 2 0 5 5 0 6 6 6 - -
Bryophytes 
Scapania undulata 1 7 . 3 40 2433 1 3 3 3 3 - mm - -
FAUNA 
I n s e c t s 
V e l i a c a p r a i 
(young) 1 3 . 3 4 9 . 5 1 1 0 0 165OO mm - - U mm, 
( a d u l t s ) 1 2 . 9 44 .1 9 6 7 1 4 7 0 0 1 5 . 5 9 6 . 3 5 1 8 9085 
Patamorphylas 
l a t i p e n n i s (body) 3 2 . 5 - 0 . 3 8 . 7 5 - 1 . 6 8 3 3 2 8 6 6 3 2 9 ^ 3 . 0 1 0 3 - 2 7 3 6 9 7 1 7 
(house) 1 5 . 7 - 1 9 0 6 - 1 1 1 . 3 - 1 0 6 6 -
Hydropsyche 
i n s t a b i l l s 3 4 . 2 ^ 0 . 9 5 7 . 3 - 7 . 4 1400 1 9 1 0 0 1 2 1 2 0 6 1 9 8 1 1 9 4 3 4 
Ephemerella sp. 1 3 . 5 3 4 . 2 1 1 6 6 1 1 4 0 0 - - - -
Hydrophilus sp. 1 1 . 7 5 2 2 . 8 5 8 3 5733 1 5 . 7 8 7 5 . 2 488 7 0 9 4 
V e r t e b r a t e s 
Rana temporaria 1 4 . 9 6 1 6 5 3 mm 
Tabic XXI Enrichment Ratio f o r the F l o r a and Fauna of S t a t i o n s 7 and 8 
- CADMIUM -
S t a t i o n 7 Cd(aq) 0.0116 mg/Bg S t a t i o n 8 Cd(aq ) 0.0117 mg/% 
SPECIES N ° f samples 
Cadmium 
dry wt ash wt 
Enrichment R a t i o 
dry wt ash wt 
No of 
samples 
Cadmium ( 
dry wt ash wt 
Enrichment Ratio 
dry wt ash wt 
FLORA 
Angiospenas 
Juneus e f f u s u s 
( 1 5 0 - 3 0 0 ram) 1 2 . 0 9 2 3 . 5 181 2 0 2 6 - - -
Bryophytes 
Scapania undulata 1 9 . 5 4 2 . 1 8 1 9 2 6 2 9 - -
•P-
FAUNA 
I n s e c t s 
V e l i a c a p r a i 
( a d u l t s ) 
Ephemeralla sp. 
1 5 . 0 5 7 5 . 2 5 4 3 4 6 4 8 8 
1 
mm 
11 . 8 1 1 8 . 2 1 0 0 8 1 0 1 0 3 
Hydropsyche 
i n s t a . b i l i s - mm - 1 8 . 0 7 7 5 . 6 6 9 0 6466 
Hydrophilus sp. 1 2 . 4 2 3 2 . 4 2 0 9 2 7 9 3 1 5 . 1 9 7 5 . 6 4 4 4 6 4 6 2 
V e r t e b r a t e s 
Rana tetnporaria 1 6 . 0 2 - 3 6 7 - - - -
hi. 
Table X X I I Chi-square D i s t r i b u t i o n Comparing B i o l o g i c a l M a t e r i a l , 
P a r t i c u l a t e Matter and Sediment from the Acid Stream 
and S t a t i o n 2 Nenthead Stream 
Comparison "X2 Value 
2n 
s i g Value 
Cd 
s i g 
Juneus e f f u s u s 
( 1 5 0 - 3 0 0 mm) H93 0.001 12 . 6 0 . 0 0 1 
Hemiptera 
(young) H 6 9 0.001 8 5 . 6 0.001 
( a d u l t ) 1 7 0 0 . 0 0 1 80 0 . 0 0 1 
Coleoptera 8 4 . 6 0 . 0 0 1 51 0 . 0 0 1 
P a r t i c u l a t e Matter 2 0 0 . 0 0 1 6 9 . 8 0 . 0 0 1 
Sediment 3 6 5 4 0 . 0 0 1 1 2 2 0 . 0 0 1 
Table X X I I I C o r r e l a t i o n c o e f f i c i e n t s f o r Organisms of the 
Kenthead Stream 
Z i n c Cadmium 
Sp e c i e s r s i g r s i g 
FLORA 
Juncus e f f u s u s 
( 1 5 0 - 3 0 0 mm) - 0 . 8 8 4 7 0 . 0 2 - 0 . 8 0 7 7 0 . 0 5 
Seapanla undulate - 0 . 9 5 1 7 0 . 0 5 - 0 . 7 4 8 1 Not s i g 
FAUNA 
V e l i a c a p r a i - 0 . 9 6 8 7 0 . 0 0 1 - 0 , 7 3 1 8 Not s i g 
Hydrophilus sp. - 0 . 8 9 4 6 0 . 0 0 1 - 0 . 6 5 4 0 Not s i g 
Bphemerella sp. - 0 . 9 2 1 7 0 . 0 5 -0.8218 0 . 0 5 
Hydropsyche i n s t a b i l i s - 0 . 9 7 1 9 0 . 0 1 - 0 . 8 1 0 6 Not s i g 
Rana temporaria - 0 . 8 8 7 5 0 . 0 5 - 0 . 7 2 3 1 Not s i g 
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Table XXIV Concentration of Zn and Cd i n P a r t i c u l a t e f l a t t e r 
from the Acid Stream and S t a t i o n 2 Nentbead Stream 
P a r t i c u l a t e Matter Zinc 
mg/kg 
Enrichment Cadmium Enrichment 
R a t i o mg/kg R a t i o 
Acid Stream 
S t a t i o n 2 
0 . 5 1 6 - 0 . 2 1 
1 9 6 * 3 2 
0 . 5 1 2 0 . 0 3 9 - 0 . 0 0 7 3 - 3 0 
2 1 1 . 2 5 - t o . 3 5 8 9 
Table XXV Concentration of Zn and Cd i n Sediment from 
the Acid Stream 
Z i n c Enrichment Cadmium Enrichment Type of 
naff/kg dry v t R a t i o tog/kg dry v t R a t i o Sediment 
S ed iment 1 6 . 8 - 4 . 1 1 6 . 7 0 . 4 0 ^ 0 . 1 0 3 3 . 9 muddy 
49. 
Table XXVI Concentrations of Zn and Cd i n sediments from 
the Nenthead Stream 
S t a t i o n Z i n c mg/l$€ dry wt 
Enrichment 
R a t i o 
Cadmium 
mg/ks dry wt 
Enrichment 
R a t i o 
Type o f 
sediment 
1 mm - 1 1 . 9 * 3 . 5 1 8 3 g r a v e l 
2 6 0 0 4 - 8 2 3 7 0 6 1 . 8 6 - 0 . 4 9 2 0 4 muddy 
3 
4 
5 
5 4 3 ^ 9 3 442 2 . 5 * 1 . 0 3 5 1 g r a v e l sand 
4 2 . 2 - 6 . 8 2 7 6 0 . 0 2 1 5 ^ 0 . 0 0 0 9 7 g r a v e l 
6 1 0 6 7 - 3 8 6 1 7 4 . 6 * 0 . 8 4 3 4 g r a v e l 
7 1 2 4 1 £ 5 8 3 5 * 6 . 6 * 2 . 3 5 6 9 g r a v e l 
8 1 6 0 3 * 7 5 3 . 1 1 * 1 . 1 g r a v e l 
Table XXVII C o r r e l a t i o n C o e f f i c i e n t f o r Sediment o f the 
Nenthead Stream 
Z i n c Cadmium 
r S i g r S i g 
Sediment 0 . 1 3 6 3 7 not s i g 0 . 1 3 6 4 0 not s i g 
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5 . DISCUSSION 
5.1 Acid Stream and Station 2 Nenthead Stream 
Zinc and cadmium concentrations i n the acid water 
remained r e l a t i v e l y constant throughout th i s study. The 
lower mean standard error for these elements suggest t h e i r 
d i s t r i b u t i o n to be more stable and fluctuate l e s s than the 
heavy metals present at st a t i o n 2 . High variations at sta t i o n 
2 (and the r e s t of the Nenthead Stream stations) causes some 
uncertainty about the mean heavy metal concentration, and thi s 
could seriously a f f e c t the enrichment r a t i o s (Section 2 . 1 ) of 
the b i o t i c material concerned. Water samples should have been 
taken more regularly. 
Chi-square d i s t r i b u t i o n has suggested that enrichment 
r a t i o s of s i m i l a r species or orders are s i g n i f i c a n t l y loifer i n 
the acid stream than station 2 . The uptake and accumulation of 
zinc and cadmium are affected by the acid nature of the water. 
Mechanisms by which heavy metals can become associated 
with stream f l o r a are by adsorption and ion-exchange processes* 
The s i t u a t i o n i n the acid stream i s unique. Adsorption of 
these elements by adhefsion to the plant's surface would be 
negligible since most heavy metals tend to stay i n solution i n 
a c i d i c environments. AfenEvesriingai ( 1 9 7 0 ) reports that three--
quarters of a l l available zinc was i n solution i n the acid 
streams ( p H 2 . 5 - 3 . 8 ) he investigated. Values of t h i s nature 
would probably have been obtained from a more detailed study 
of the acid 3tream since very l i t t l e zinc or cadmium was 
incorporated i n particulate matter or sediment (Section k » U ) r 
I 
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Like adsorption p absorption through the le a f and root 
systems would also he minimal. This could be attributed to 
the type of cation exchange components i n the c e l l w a l l . 
Ion exchange capacities of Pucua and Ulva ware found to be 
pH sensi tiv e (Gutlcnecht 1 9 6 3 ) . Poor uptake and accumulation 
rates probably account for the f l o r a ' s low enrichment values. 
Concentration r a t i o s for the plant species of the more 
alka l i n e s t a t i o n 2 are much higher since more material could 
be derived from solution and sediment. 
Invertebrate forms have many pathways for sorption of 
heavy metals. Not only can these elements ibe absorbed on the 
surface (Duke et a l . 1 9 6 6 ) or absorbed through the membrane 
(Bryan 1 9 7 1) but a large quantity can be absorbed either 
d i r e c t l y or i n d i r e c t l y through the food chain (Cross et a l . 
1 9 7 0 ) . Lowman &t a l . ( 1 9 6 6 ) states that probably the t o t a l 
amount of heavy metal passed between trophic l e v e l s i s related 
to the amount associated with the food. Most energy i n 
aquatic ecosystems passes through the detritus food chain 
rather than the herbivore food chain (Saunders 1 9 7 2 ) . The 
invertebrate fauna of the acid stream has f i t into Cumminte 
( 1 9 7 3 ) c l a s s i f i c a t i o n as b a s i c a l l y d e t r i t i v o r c s with the 
exception of Enallagma cya thijererum. a carnivore. Food sources 
of these detritus feeders would be mainly derived from 
particulate matter and sediment. However, concentrations of 
zinc and cadmium i n particulate matter and sediment show 
extremely low l e v e l s . Also, as in the acid stream f l o r a , 
absorption through membranes and adsorption on the animal's 
surface would also be negligible. As a r e s u l t , low enrichment 
l e v e l s would be expected. 
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High concentration r a t i o s would obviously be the case 
for the insect fauna of station 2 . Energy flow i s probably 
also based on a detritus system. Mean l e v e l s of zinc and 
cadmium i n particulate matter and sediment were several 
magnitudes higher than i n the acid stream. 
The high l e v e l s of sodium, potassium, magnesium and 
calcium i n the acid stream could also modify the uptake and 
accinsulation of heavy metal ions (Section 1 . 2 a ) . With s i m i l a r 
l e v e l s of calcium, Bryan ( 1 9 6 7 ) demonstrated that zinc 
absorbance i s reduced i n the fresh water crab, Auatropetamobiua 
p a l l i p e s . Hilssom ( 1 9 7 0 ) noted low accumulation and reduced 
toxic of cadmium at these high calcium l e v e l s . in severalspla'nt species. 
High concentrations of those cations i n the acid stream could 
therefore act as a secondary factor to account for tbe low 
enrichment values obtained. 
The hydrogen ion concentration i s an important variable 
a f f e c t i n g enrichment of zinc and cadmium. S t i l l , the actual 
physiological modes of uptake and accumulation and how these 
are affected by variables such as pH i s not knotm. A deeper 
more integrated knowledge i s needed on thi s topic. Also, 
l i t t l e attention has been given to the question of mixtures of 
environmental parameters (e.g. pH and al k a l i n e earth metal 
s l a t s ) i n uptake and accumulation processes. 
5«2 Nenthead Stream 
The natural concentration gradient was due to d i l u t i o n 
by the various t r i b u t a r i e s interlocking with the main stream. 
As already indicated (Section 5 « 1 ) > heavy metal concentration 
at each s i t e varied considerably during 1 the study period and 
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more water samples should have been taken. Also data concer-
ning stream flow, precipitation and erosion should have been 
recorded to understand these fluctuations more c a r e f u l l y . 
The d i r e c t relationship between zinc and cadmium l e v e l s 
i n the stream coincide with the report by Hutchinson and 
Czyraka ( 1 9 7 2 ) that cadmium i s usually found associated with 
zinc • 
The low l e v e l s of sodium, potassium, magnesium and calcium 
at the di f f e r e n t stations show the stream to be only s l i g h t l y 
calcareous and a l k a l i n e , offering: l i t t l e protection from 
heavy metals. 
Poor correlation of sediment values suggest that zinc and 
cadmium sorption i s perhaps related to the actual p a r t i c l e 
s i z e d i s t r i b u t i o n . For instance, Cross et a l . ( 1 9 7 0 ) 
observed low zinc concentration rates i n sediment with a 
higher percentage of sand component than s i l t or clay. 
Juncua offusus concentrated more zinc and cadmium i n the 
root section and since t h i s i s the main uptake s i t e one xrould 
expect t h i s * Gregory ( 1 9 6 4 ) and Leeder ( 1 9 7 2 ) also report 
that heavy metals concentrated i n the terminal .parts of 
angiosperms* S i m i l a r l y , both Scapania undulata and 
Pre pane cladus f l u i t a n s (from the aeid stream) accumulated more 
zinc and cadmium away froist the t i p s . Both plant groups could 
perhaps reduce any toxic build-up i n the "root" region by 
binding the heavy metals i n t e r n a l l y , a process l i k e chelation, 
as suggested by Jowett ( 1 9 5 8 ) f o r tolerant populations of 
Agrostis. 
Enrichment r a t i o s depend on the species concerned and 
the i r role i n the community. The enrichment of zinc and 
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cadmium i n water plants i s r e l a t i v e l y higher i n the mosses. 
This was also noted i n the acid stream. Dietz ( 1 9 7 2 ) and 
Leeder ( 1 9 7 2 ) also found enrichment r a t i o s for mosses much 
higher than for angio sperms. This suggests that mosses would 
be more eff e c t i v e as indicator organisms of heavy metal 
pollution. Enrichment of the d e t r i t l v o r e V e l i a caprai i s 
much lower than that of the carnivore Hydropsyche i n s t a b i l i s . 
The f i l t e r feeding nature of Potamorphylax latipennia and 
Sphemerella sp. accounts f o r t h e i r high concentration r a t i o s . 
Chipmaa et a l . ( 1 9 5 8 ) and Cross et a l . ( 1 9 6 6 ) also observed 
the most intense enrichment f o r f i l t e r feeders. Even an 
organism of the th i r d trophic l e v e l , liana Teaporaria registered 
lower sine enrichment r a t i o s than the f i l t e r feeders. 
Concentration r a t i o s also vary with the lif©•'history stage, as 
i n the case of V e l i a caprai and Toradifles sp. ( acid stream). 
Pyefinch and Moftt„ ( 1 9 ^ 8 ) reported s i m i l a r findings. 
The inverse r e l a t i o n f o r enrichment of sine demonstrates 
that the log-zinc accumulation i s d i r e c t l y proportional to 
the amount of heavy metal concentration i n the water. The 
poor relationship found f o r cadmium suggests that t h i s element 
i s not r e a d i l y accumulated and t h i s i s i n general a agreement 
with the l i t e r a t u r e . 
This study has shown that enrichment r a t i o s of sine i s a 
useful c r i t e r i a to predict the average concentrations of zinc 
i n the water column. I t would be desirable for si m i l a r 
investigations to be carried out for other heavy metals i n 
order to obtain a c l e a r picture for enrichment. 
SUMMARY 
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6. SUMMARY 
An investigation was carried out to compare the 
enrichment r a t i o s of biota found i n an acid and al k a l i n e 
environment. Both streams selected were located i n areas of 
past mining a c t i v i t i e s and regular vater analysis were c a r r i e d 
out to a s c e r t a i n the l e v e l s of zinc and cadmium* 
Since the Nenthead stream provided a natural heavy metal 
concentration gradient, attention was also focused on the 
enrichment r a t i o s of the f l o r a and fauna concerned along t h i s 
gradients 
Two species of bryophytes an angiospexm and an algae 
consisted of the f l o r a analysed from both s i t e s . S i x species 
of insects from the aoid stream and f i v e species from the 
Nenthead stream made up the Invertebrate fauna* One verte-
brate species• Rana temporaria was also sampled* 
Enrichment r a t i o s of biological matter, particulate 
matter and sediment were much lower i n the acid stream than 
s t a t i o n 2 of the Nenthead stream* These lower accumulation 
l e v e l s recorded were due to the a c i d i c nature of the water. 
Enrichment l e v e l s of the f l o r a were highest i n the masses 
from both areas* 
More accumulation took place atray from the t i p f o r the 
mosses and nearer the root for the angiosperms. 
The f i l t e r - f e e d i n g tricopteran Potamorphylax latipennis 
and ephemeropheran Ephemerella ap. had the highest enrichment 
r a t i o s of a l l species investigated. 
Inverse correlations of enrichment r a t i o s revealed that 
log-zinc bioacoumulation i s d i r e c t l y apportional to the 
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aqueous z i n c c o n c e n t r a t i o n . Those c o r r e l a t i o n s a l s o suggested 
t h a t cadmium i s not r e a d i l y accumulated. 
Enrichment r a t i o s a r e a u s e f u l " t o o l " f o r studying 
environmental e f f e c t s on accumulation and p r e d i c t i n g the average 
amount of heavy metals ( z i n c ) i n the water column* 
ACKNOWLEDGEMENTS 
71 . 
7. ACKNOWLEDGEMENTS 
X wish to thank my s u p e r v i s o r , Dr. B r i a n A. Whitton 
f o r h i s guidance and encouragement throughout the study. 
I a l s o wish to thank Mr. E . J . H. Lloyd f o r a s s i s t a n c e 
w i t h the methodology and Mr. P. J . Say f o r some water 
a n a l y s i s data. 
I am ver y g r a t e f u l to Mrs. C. Bates f o r typing t h i s 
manuscript. 
BIBLIOGRAPHY 
7 2 . 
8 . B I B L I O G R A P H Y 
ADRIAN, W.J. 1973> A comparison of a wet pressure d i g e s t i o n 
method with other commonly used wet and dry-
ashing methods. 9 81 2 1 3 - 2 1 6 . 
ALLOWAY, B.J. 1 9 6 9 . The s o i l s and ve g e t a t i o n of are a s 
a f f e c t e d by mining f o r non-ferrous m e t a l l i -
ferous ores with s p e c i a l r e f e r e n c e to cadmium, 
copper, l e a d and z i n c . PhD T h e s i s , Aberystwyth, 
AVKON, D.I. 1 9 5 8 . The r o l e of snicronutrients i n plant 
n u t r i t i o n with s p e c i a l r e f e r e n c e to photo-
s y n t h e s i s and n i t r o g e n a s s i m i l a t i o n . 
IN Lamb, C.A., Ben t l y , C.G., and B e a t t i e , 
J.?>3. ( E d s . ) Trace Elements, Academic P r e s s , 
N.T. pp. 1 - 3 2 . 
BACHMANN, R.W. I 9 6 3 . Z i n c - 65 i n s t u d i e s of the freshwater 
z i n c c y c l e . I n : S c h u l t z , U, and Element, A.W. 
(Eds.) Radioecology. N.Y. (7**6pp), pp. **85-
4 9 6 . Reinhold P u b l i s h i n g Corp. and American 
I n s t i t u t e of B i o l o g i c a l S c i e n c e . N.Y. 
. and 0£>UM, K.P. 1 9 6 0 . Uptake of 2 n J and primary 
production i n marine benthic a l g a e . Limnol. 
Oceano^r. 5_: 3 ^ 9 - 3 5 5 . 
BAUER, D.E. and GGRSLINE, G.VJ. 196*1. Technique f o r r a p i d 
a n a l y s i s of corn l e a v e s f o r 11 elements. 
Agron. J . 5j5: 1 3 3 - 1 3 6 . 
BALL, J.R. 1967* The t o x i c i t y of cadmium to rainbow t r o u t 
(Salmo g a l r d n e r i i R i chardson). ¥at. Res. 1_: 
8 0 5 - 8 0 6 . 
BRANDT, H.J. 19^6 . Ueber v e r s t a r l c t e schadwirbungen auf 
f i s c h e , insbesondere uber erhohte Giftwirkung 
durcli korabination von Abwassergiften. 
B e i t r . WassorCIIem. 1.: 1 5 - 2 3 . 
BRYAH, G.feT. 1 9 6 7 . Z i n c r e g u l a t i o n i n the freshwater c r a y f i s h 
( i n c l u d i n g some comparative copper a n a l y s e s ) . 
ftxptl. B: ,. k6: 2 8 1 - 2 9 6 . 
. 1 9 6 9 . The absorption of s i n e and other metals by 
the. brown seaweed Laminaria d i g i t a t a . 
J . Mar. B i o l . Ass.. O.K. k9: 2 2 5 - 2 ^ 3 . 
. 1971» The e f f e c t s o f heavy metals (other than 
s>«rcury/ on marine and e s t u a r i n e organisms. 
JP^IL- £2$.' B J 7 7 : 3 8 9 - ^ 1 0 . 
CTIIPMAN, W.A., RICE, T.R. and PRICE, J . J . 1 9 5 8 . Uptake and 
accumulation of r a d i o a c t i v e z i n c by marine 
plankton. F i s h and s h e l l f i s h . f/iL • 6 nil. 
U ^ A JLzA ^vVi 5jfT"l35): 2 7 9 - 2 9 2 * 
73. 
CORNER, F;.D.S. and SPARROW, B.W. 1 9 5 6 . The modes of a c t i o n 
of t o x i c agents. I Observations on the 
poisoning of c e r t a i n c r ustaceans by copper 
and mercury. J . Mar. B i o l . Ass., U.K. 35 s 
459 - ^ 7 2 . ~ 
CROSS, F.A., DUKE, T.W. and WILLIS, J.N. 1 9 7 0 . Biogeschemistry 
of t r a c e elements i n a c o a s t a l p l a i n e s t u a r y : 
D i s t r i b u t i o n of manganese, i r o n and z i n c i n 
sediin^nt, water and polychaetous worms. 
IXk^^ggUe ScS, 1 1 : 221-23**. 
CUMMINS, K.¥. 1973. Trophie r e l a t i o n s of a q u a t i c i n s e c t s . 
Ann. Rev. Sntemol. 18? 1 8 3 - 2 0 6 . 
DAVIS, J . J . and FOSTER, II.P. 1 9 5 8 . Bioaccuraulation of 
r a d i o i s o t o p e s through a q u a t i c food c h a i n s . 
Ecology 39 ( 3 ) : 5 3 0 - 5 3 5 . 
DIETZ, F. 1973* The enrichment of heavy metals i n submerged 
p l a n t s . IN: J e n k i n s , S.H. (Ed) Advances i n 
Water P6 H u t i o n Research, Proceeding 6 th 
I n t e r n a t i o n a l Conference ( 9^6pp) pp. 5 3 - 6 2 , 
Pergamon P r e s s , Oxford. 
DUKE, T.l/. , WILLIS, J.N. , and PRICE, T . J . 1 9 6 6 . C y c l i n g of 
t r a c e elements i n the e s t u a r i n e environment. 
I movement and d i s t r i b u t i o n of z i n c 65 and 
s t a b l e z i n c i n experimental ponds. -,. CKe&gjpe^e 
S c i . 2: 1 - 1 0 . 
DUNHAM, K.C. 19**8. Geology o f the Northern Pennine O r e f i e l d 
V o l . I , Tyne to Staintnore. Mem. Geol. Surv. 
C.B. 
BISU&, R. 1971 • Cadmium poisoning i n Fundulus h e t e r o c l i t u o 
( P i s c e s : Cyprinodontidae) and other marine 
organisms. J}. F i s h . Res. Bd. Can. 28: 1 2 2 5 -
1 2 3 ^ . 
. ZAROOGlAiN, G.K. and HEHXEKEY, R.J. 1 9 7 2 . Cadmium 
uptake by marine organisms. J . ,F'*>^. .ffoy. Pd. 
Can. 2 9 : 1 3 6 7 - 1 3 6 9 . ~~ 
GARDNER, G.R. and YEVICI!, A.V. 1 9 7 0 . H i s t o l o g i c a l and 
hematological responses of. an e s t u a r i n e 
t e l e o s t to cadmium. J . fi^Vx. . Ret, Bd. Can. 27: 
2 1 8 5 - 2 1 9 6 . 
GREGORY, R.P.G. 196*1. I n v e s t i g a t i o n i n t o the mechanisms of 
to l e r a n c e to z i n c and copper being c a r r i e d out 
by Dep. A g r i c u l t . Botany U.C.N.V. Bangor 
Reports 1~3i 
Gtmttf CCIlT, J . 1 9 6 1 . Mechanisms of r a d i o a c t i v e z i n c uptake 
Ulvet l a c t u c a , Lintnol. Qceanogr. 6 : 426-'431 , 
6 5 
. 1 9 6 3 . Zn J uptake by benthic marine a l g a e . Lironol. ^ O V ^ - 8 s 3 1 - 3 8 . 
7 4 . 
HEILBRUNN, L.U. 1 9 3 7 . An o u t l i n e of g e n e r a l physiology. 
2nd ed. U.S. Saunders Co., P h i l d p e l p h i a . 
7^8pp. 
HUTCHINSON, T.C. and CZYRSKA, I I . T 9 7 2 . Cadmium and z i n c 
t o x i c i t y and synergism to f l o a t i n g a q u a t i c 
p l a n t s . Water P o l l u t i o n Research i n Canada 
1 9 7 2 . -fe-M. 7 t h Can, Symp. ¥at. F o l l . B i e s . , 
5 9 - 6 5 . 
JACKIM, £., HAMLIN, J.M., AND SONIS, S. 1 9 7 0 . E f f e c t s of 
metal poisoning on f i v e l i v e r enzymes i " the 
k i l l i f i s h (Fundulus heterocii.tus). J . fish-
3d. Can. 2 £ : 3 8 3 - 3 9 0 . 
JOHNSON, G.M., and ULRICK, A. 1 9 5 9 . A n a l y t i c a l methods f o r 
use i n p l a n t a n a l y s i s . C a l i f . A g r i c . E x p t l . 
S t a t e B u l l . 7 6 6 : 2 * » - 7 8 . "" 
JONES, j.R.E. 1 9 3 8 . The r e l a t i v e t o x i c i t y of s a l t s of l e a d , 
z i n c and copper to the s t i c k l e b a c k (Gasterosteua 
aculeatu3 L.) and the e f f e c t of calcium on the 
t o x i c i t y of lead and z i n c s a l t s . J . Exytj."-. 
15= 3 9 4 - 4 0 7 . ~ f 
1 9 3 9 . Antagonism between s a l t s of the heavy and 
a l k a l i n e - e a r t h metals i n t h e i r t o x i c a c t i o n on 
the tadpole,of the toad, Bufo bufo bufo ( L . ) 
J . .6\<vU, . 16 ; 313-333T 
. 1 9 5 8 . A f u r t h e r , study of the z i n c - p o l l u t e d r i v e r 
Ystwyth. J . Anim. E c o l . 2 7 : 1 - 1 4 . 
JOVETT, D. 1 9 5 8 . Population of A g r o s t i s s p e c i e s t o l e r a n t to 
heavy metals. Nature 1 8 2 : 816-817. 
KORYAK, M, , SHAPIRO, M.A. , and SYKORA, J . L . 1 9 7 2 . R i f f l e 
zoobenthos i n streams r e c e i v i n g a c i d mine 
drainage. If q-h. Res. 6 : 1 2 3 9 - 1 2 4 7 . 
LEEDER, A.J. 197^2. St u d i e s on l e a d and z i n c p o l l u t i o n i n 
an upland stream. 5 2 p p . U n i v e r s i t y of Durham 
Durham, England. 
LLOYD, R. 196O. The t o x i c i t y of z i n c sulplhate to rainbow 
t r o u t . Ann, Appl. B i o l . 4 8 : 8 4 - 9 4 . 
. and HERBERT, D.W.M. 1 9 6 2 . The e f f e c t of the 
environment on the t o x i c i t y of poisons to 
f i f s h . I n s t , publ, t i l t h . Engjfrs. J . 61 : 1 3 2 - 1 4 5 . 
LOW MAN, F.G., PHELPS, D.K. , MCCLXN , R. , ROMAN DE VEGA, V., 
OLIVER DE PADOVANI, I . , and GARCIA, R.J. 1 9 6 6 . 
I n t e r a c t i o n s of the environmental and b i o l o g i c a l 
f a c t o r s on the d i s t r i b u t i o n of t r a c e elements 
i n the marine environment. Proc. Sym, on the 
D i s p o s a l of Rad. Waste I.A.E..C, Vienna. 
75. 
M CKEE f J.15., and WOLF, H.¥. 1 9 6 3 - Water q u a l i t y c r i t e r i a 
( 2 n d Ed.) C a l i f . S t a t e Wat. Qual. Cont. Bd. 
F u h l . 3A. 5 4 8 p p . 
MYERS, J . 1 9 5 1 . Physiology of the a l g a e . .fW... ft&V-. ftWoVnol 1^ . 
£s 157-130. 
NILSSON, R. 1 9 7 0 . Aspects o f the t o x i c i t y of cadmium and 
i t s compounds. A review. Swedish E c o l . 
Res. Comm. B u l l . No.7° 
OSTERBERG, C. p PEARCY, V.G., and HERBETT, C.. 1 9 6 4 . 
R a d i o a c t i v i t y and i t s r e l a t i o n s h i p to 
oceanic food c h a i n s . J[. Mar. Res. 2 2 : 2 - 1 2 . 
PARSONS, J . I ) . 1 9 5 7 . L i t e r a t u r e p e r t a i n i n g to formation of 
acid-mine wastes and t h e i r e f f e c t s "n the 
chemistry and fauna of streams. fm*<,-. .Xll. if<\\&-
Acad. S c i . £0: 4 9 - 5 9 . 
PGLIKARPOV, G.G. 1966. Radioecology of aquat i c organisms. 
T r a n s l . from Russian by Reinhold P u b l i s h i n g 
Corp. N.Y. 340pp. 
PRESTON, A., JEFFERIES, D.F. , DUTTON, J.V.R., HARVEY, 8.R. 
ami STEELE, A.K. 1 9 7 2 . B r i t i s h I s l e s c o a s t a l 
' waters: the concentration of s e l e c t e d heavy 
metals i n s e a water, suspended matter and 
b i o l o g i c a l i n d i c a t o r s - a p i l o t survey. 
-JklL&flAJL' P o l l * X- 69-82. 
RICE, T.R. 1 9 5 1 . Review of z i n c i n ecology. Proc. 1 s t N a t l . 
Syrup. Radioecol. Colorado S t a t e Univ. 
Reinhold P u b l i s h i n g Corp. N.Y. pp. 6 1 9 - 6 3 1 . 
RINGER, S. 1 8 9 7 . The a c t i o n of d i s t i l l e d water on Tubifex. 
J . P h y s i o l . 2 2 ; 1 4 - 1 5 . 
ROBERTSON, D.E. H968 . Role of contamination i n t r a c e element 
a n a l y s i s of sea water. Analyt. Chem. 4 0 : 
1 0 6 7 - 7 2 . 
ROBINSON, C. 1 9 7 0 . A p r e l i m i n a r y study of the f a c t o r s 
a f f e c t i n g the f l o r a of an a c i d c o a l mine 
drainage. M.Sc. T h e s i s , U n i v e r s i t y of Durham, 
7 0 p p . 
SAUNDERS, G.W. 1$ f 72. D e t r i t u s i n a q u a t i c ecosystems. 
Nat.rf-Resour. 8 : 1 7 - 1 9 . 
SHUSTER, C.N., and! PHINGLE, B.H. » W Trace metal 
accumulation by the Affierican e a s t e r n o y s t e r , 
C r a s s o s t a e a v i r g i n i c a . Proc.. Nat. S h e l l f i s h 
Ass. 5 9 : 9 1 - 1 0 3 . 
SKXDMOBE, J.I?. 1964. T o x i c i t y of Zinc compounds to a q u a t i c 
animals, with s p e c i a l r e f e r e n c e to f i s h . 
Quart. Rev. B i o l . 3 9 : ,227-248. 
7 6 . 
SMITH, A.E. 1 9 7 3 . A study of the v a r i a t i o n with pH of the 
s o l u b i l i t y and s t a b i l i t y of some metal ions 
a t low concentrations i n aqueous s o l u t i o n . 
PART I . A n a l y s t 9J>: 6 5 - 6 8 . 
UNDERWOOD, B.J. 1 9 5 6 . Trace elements i n human and animal 
n u t r i t i o n . Academic P r e s s , ^30pp. N.Y. 
VAN EVERDINGEN, R.O.. 1 9 7 0 . The Pa i n t Pots, Kobtenay N a t i o n a l 
Park, B r i t i s h Columbia - a c i d s o r i n g water 
with extreme-metal content. Cfl»> J.. ,£>oy\\\ S o . 
7 . : 8 3 1 - S 5 2 . ~ 
1JATS0N, D.G., DAVIS, J . J . and HANSON, V.C. 1961 . Zinc 65 
i n marine organisms along the Oregon and 
Washington c o a s t s . "S"c7<LrJC«/ ? 3 3 ' 1 8 2 6 - 1 8 2 8 . 
WESTFALL, B.A. 1 9 ^ 5 . Coagulation f i l m anoxia i n f i s h e s . 
Ecology 2 6 : 2 8 3 - 2 8 7 . 
